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(54) Radiation source for endovaecular radiation treatment 



(57) According to the invention there is provided a 
radiation source for use in endovascular radiation treat- 
ment which comprises one or more, preferably at least 
two treating elements or seeds comprising a radiation 
emitting element and means for containment of said ra- 
diation emitting element which radiation source is char- 
acterized in that said seeds are sequentially, directly and 
movably linked to each other and/or to the transfer wire. 
Thereby the seeds form a flexible radiation source. The 
seeds may be linked to each other by magnetic forces 
and/or may be mechanically linked, e.g. by male and 
female means for coupling or by a joining member ex- 
tending throughout the entire length of the radiation 
source. There is further provided an apparatus for en- 



dovascular radiation treatment comprising an elongated 
catheter, optionally a guide wire in a separate lumen and 
the radiation source as defined above. According to an- 
other aspect there is provided a method for endovascu- 
lar radiation treatment comprising the steps of directing 
an elongated catheter to the selected side to be treated, 
introducing a radiation source as defined above into the 
catheter at its proximal end portion, moving said radia- 
tion source to the distal end portion of the catheter pref- 
erably by use of a transfer wire, maintaining said radia- 
tion source at that distal end portion for a determined 
period of time and retracting said radiation source to the 
proximal end portion of the catheter preferably by use 
of a transfer wire. 
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Description 

[0001] The present invention relates to a radiation 
source for use in endovascular radiation treatment 
whicli radiation source comprises radiation emitting el- s 
ements and is suitable for being delivered in a catheter 
to the selected site to be treated within the vascular sys- 
tem of a patient. The invention further relates to an ap- 
paratus for vascular radiation treatment using said radi- 
ation source as well as a method of treatment. 

BACKGROUND OF THE INVENTION 

[0002] Endovascular radiation treatment is the todays 
method of choice to prevent formation of scar tissue in 
a blood vessel which has been injured in various ways, 
for example, as trauma from surgical or diagnostic pro- 
cedures. One area of the vascular system of particular 
concerns with respect to such injury is coronary arteries 
that are subjected to procedures for removing or reduc- 
ing blockages due to plaques within the arteries. Partial 
and even complete blockage of the coronary arteries by 
the formation of an arteriosclerotic plaque is a well 
known and serious medical problem. Such blockages 
may be treated using arterectomy devices which me- 
chanically remove the plaque, hot or cold lasers which 
vaporize the plaque, stents which hold the artery open 
and other devices and procedures well known in the art. 
The most common of them is the percutaneous translu- 
minal coronary angioplasty, more commonly referred to 
as balloon angioplasty. 

[0003] In this procedure a catheter having an inflata- 
ble balloon at its distal end is introduced into the coro- 
nary artery, the un inflated balloon is positioned at a sten- 
otic site and the balloon is inflated. Inflation of the bal- 
loon disrupts and flattens the plaque against the arterial 
wall and stretches the arterial wall, resulting in enlarge- 
ment of the intraluminal passageway and increased 
bloodflow. After such extension, the balloon is deflated 
and the balloon catheter removed. 
Long term success of balloon angioplasty procedures is 
largly limited due to restenosis or re-closing of the intra- 
luminal passageway through the artery by formation of 
scar tissue. Restenosis Is experienced in approximately 
30 to 50 % of the patients within six months after balloon 
angioplasty. Apparently restenosis is to a significant ex- 
tend a natural healing response to the vessel injury 
caused by inflation of the angioplasty balloon. 
[0004] Injury of a vessel typically initiates the bodies 
own natural repair and healing process. During the heal- 
ing process, fibrin and plathelets rapidly accumulate in 
the endothelium and vascular smooth muscle cells pro- 
liferate and migrate into the intlma. The formation of scar 
tissue by smooth muscle proliferation (hyperplasia) is 
believed to be a major contributor to restenosis following 
balloon angioplasty of the coronary artery. 
[0005] Prior attempts to inhibit restenosis have includ- 
ed the use of various light therapies, chemotherapeutl- 



cal agents, stents, arterectomy devices, hot and cold la- 
sers and so on. The most promising approach to inhibit 
restenosis is the use of radiation therapy, i.e. the expo- 
sure of the restenotic site to ionizing or radioactive ra- 
diation. 

[0006] Although radiation therapy in general has been 
applied advantageously, the devices available for deliv- 
ery of radiation sources and the radiation sources them- 
selves have certain drawbacks which limit their useful- 
ness. Typically, the devices include a catheter, which is 
directed by way of a guide wire inserted therein to the 
site of treatment. The catheter is then used to intemally 
direct the radiation source to the site of treatment and 
to retract the same after a predetermined treatment 
time. 

[0007] One typical problem encountered with the 
catheter and/or the radiation source is related to stiff- 
ness of the source which is directly proportional to its 
length. Therefore, to allow the radiation source to travel 
along the bends of a vessel, typically shorter sources 
are used and the so-called "stepping treatment" is ap- 
plied to achieve radiation treatment of the entire site. 
Since, however, very exact positioning is not possible in 
a constantly moving vessel such as coronary artery, 
long sources are desirable which allow for one-step 
treatment of the stenotic site in its entire length. 
[0008] For example, US-A-5.833.5g3 discloses a 
source wire which is modified at its treatment end to re- 
ceive a radioactive element. A plug seals the unmodified 
section of the source from the lumen of the modified seg- 
ment which contains the radioactive element. Both ends 
of the source wire are sealed to prevent leakage of ra- 
dioactivity. The source wire is then inserted in a catheter 
for guiding the same to the treatment site. The modified 
section (=container) itself is rigid and is only flexibly 
linked to the remainder, unmodified portion of the 
source. 

[0009] From US-A-5,683,345 an apparatus and a 
method are known which apparatus includes an elon- 
gated flexible catheter tube having proximal and distal 
end portions with a lumen extending therebetween. One 
or more treating elements or seeds containing radioac- 
tive material are positionable within the lumen and are 
movable between the proximal and distal end portions 
under the force of liquid flowing through the lumen. The 
radiation source used according this document consists 
of individual treating elements which may be joined to- 
gether to form a train of treating elements by use of sev- 
eral length of high tempered spring wire to prevent the 
treating elements from becoming too spaced apart while 
moving through the catheter. 

[001 0] Other typical drawbacks encountered with pri- 
or art radiation sources and devices for delivering the 
same to the site to be treated are related to the duration 
of exposure, controllability of the radiation exposure 
(dosage, homogeneity of treatment), the necessity to 
conduct a 'stepping treatment", or difficulties in retract- 
ing the radiation source from the catheter and therefore 
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the risk of undesirable exposure of both the patient and 
any medical personal handling the treatment device. It 
is the object of the Invention to overcome these and oth- 
er drawbacks of prbr art radiation sources. 

SUMMARY OF THE INVENTION 

[0011] These and other objects are achieved by the 

radiation source as defined in the appended claims. In 
a first aspect the invention relates to a radiation source 
for use in radiation treatment which comprises one or 
more and preferably at least two treating elements 
(seeds) comprising a radiation emitting element and 
means for containment of said radiation emitting ele- 
ment, which radiation source is characterized in that the 
seeds are sequentially, directly and movably linked to 
each other and/or to the transfer wire. Thereby the 
seeds form a flexible radiation source, preferably a flex- 
ible elongated radiation source. 
[0012] The means for containment of said radiation 
emitting element can be a capsule, preferably compris- 
ing a metal. Preferably the seeds have an elongated 
shape. In a preferred embodiment the central axis of the 
radiation source essentially parallels the elongated axis 
of the seeds. 

[0013] According to a preferred embodiment the 
seeds are linked by magnetic forces to each other and/ 

or to the transfer wire. 

[0014] According to another embodiment the seeds 
are mechanically linked to each other and/or the transfer 
wire. In a preferred embodiment the linkage is made me- 
chanically and magnetically. 

[0015] In one preferred embodiment of mechanical 
linkage the seeds comprise male and female means for 
coupling which female means for coupling receive the 
male means for coupling of the following or proceeding 
seed in the radiation source to form a flexible joint. Pref- 
erably the male and female means for coupling are on 
opposing sides of the seed, even more preferably they 
are opposed to each other at the longitudinal ends on 
the end caps of the seed. 

[001 6] According to another preferred embodiment at 
least two seeds are linked to another by way of a single 
flexible joining member extending throughout the entire 
length of the radiation source. Preferably such joining 
member is a string which extends through openings in 
the seeds. 

[0017] In another aspect, the invention relates to an 
apparatus for vascular radiation treatment, comprising 
(1 ) an elongated catheter having a proximal end portion, 
a distal end portion and a lumen extending therebe- 
tween for receiving a radiation source, (2) optionally a 
guide wire in a separate, second lumen, and (3) a radi- 
ation source which comprises one or more, preferably 
at least two treating elements (seeds) comprising a ra- 
diation emitting element and means for containment of 
said radiation emitting element, wherein said seeds are 
sequentially, directly and movably attached to each oth- 
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er and/or the transfer wire. 

[001 8] Preferably the apparatus additionally compris- 
es a x-ray fluoroscopy device for monitoring the radia- 
tion source. The apparatus may also comprise a con- 

s tainment vessel for storage of the radiation source and/ 
or the individual seeds. In another embodiment the ap- 
paratus is an apparatus comprising a radiation source 
wherein the seeds are attached to each other by mag- 
netic forces and the apparatus further comprises a mag- 

10 netic means for guiding the radiation source. 

[0019] In a third aspect, the invention relates to a 
method for vascular radiation treatment comprising the 
steps of 

IS (a) directing an elongated catheter having a proxi- 
mal end portion, a distal end portion and a lumen 
extending therebetween for receiving a radiation 
source, to the selected site to be treated preferably 
by way of a guide wire in a separate lumen, 

20 (b) introducing a radiation source into the catheter 
at its proximal end portion, which radiation source 
comprises one or more, preferably at least two 
treating elements (seeds) comprising a radiation 
emitting element and means for containment of said 

25 radiation emitting element, wherein said seeds are 
sequentially, directly and movably attached to each 
other and/or the transfer wire to form a flexible ra- 
diation source which can be moved through said lu- 
men of the catheter, 

30 (c) moving said radiation source to said distal end 
portion preferably by use of a transfer wire, 

(d) maintaining said radiation source at said distal 
end portion for a determined period of time, and 

(e) retracting said radiation source to the proximal 
35 end portion preferably by way of a transfer wire, 

[0020] Preferably a radiation source as defined above 

is used. 

[0021 ] Preferably moving and/or retracting in steps (c) 
40 and/or (e) is achieved by pushing or pulling the radiation 
source. 

[0022] According to a preferred embodiment, the 
seeds are linked to each other by magnetic forces and 
the transfer wire comprises a magnet to magnetbally 
4S effect said pulling of the radiation source in steps (c) 
and/or (e). In an alternative embodiment, an external 
magnetic field may be applied to move the radiation 
source comprising seeds linked to each other by mag- 
netic forces. 

so [0023] According to another embodiment the transfer 
wire may comprise a male or female means for coupling 
and a radiation source comprising such male and fe- 
male means for coupling is linked to the transfer wire by 
engagement with the complementary means for cou- 

ss piing on the terminal seed thereof. 
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BRIEF DESCRIPTION OF DRAWINGS 



[0024] 

Fig. 1 



Fig. 2a to 2c 



Fig. 3a and 3b 



Fig. 4 



shows schematically a radiation 
source of the invention comprising 
magnetic seeds; Fig. 1 a to 1 c show- 
ing various shapes of seeds to be 
employed. 

schematically show a radiation 
source of the invention comprising 
seeds with male and female means 
for coupling. 

schematically show a radiation 
source of the invention wherein the 
seeds are mechanically linked by a 
joining member. 

is a schematic view of the catheter 
of the apparatus according to the in- 
vention. 



DETAILED DISCLOSURE OF THE INVENTION 

[0025] In the following the invention will be described 
in detail referring to the attached drawings for illustration 
purposes. In these drawings like reference numerals re- 
fer to like parts. The term "radiation" is to be understood 
to relate to ionizing or radioactive radiation. 
[0026] The radiation source for use in endovascular 
radiation treatment according to the invention compris- 
es one or more, preferably at least two treating ele- 
ments, so-called seeds. These seeds comprise a radi- 
ation emitting element or radiation emitting core and 
means for containment of said radiation emitting ele- 
ment- The radiation source of the invention is charac- 
terized in that said seeds are sequentially, directly and 
movably linked to each other and/or the transfer wire 
and thereby form a flexible radiation source of the de- 
sired length. 

[0027] The expression "directly" relates to a linkage 
which is achieved by direct engagement of the seeds 
themselves. The invention does not encompass linkage 
of the seeds by holding them together by use of external 
devices, containers or other fixing structures. Rather, 
the linkage of the seeds is obtained by forces exerted 
by the seeds themselves such as magnetic forces and/ 
or a mechanical engagement of the seeds with each oth- 
er wherein the seeds themselves form an active part of 
the joint. The term "directly" encompasses embodi- 
ments where the seeds are linked to a common struc- 
ture. The expression 'directly' does not exclude spacing 
members inserted between the seeds interrupting the 
chain of seeds by being interdisposed between the 
same, such as empty means for containment, non-radi- 
oactive magnetic particles, spheres and the like. A radi- 
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ation source devoid of such spacing members is. how- 
ever, preferred. 

[0028] With the term "movably" as used herein, a link- 
age or joint between two seeds is meant which allows 
for any type of movement of the seeds relative to each 
other including rotational movement, bending or move- 
ment of one seed out of the axis of the central axis of 
the radiation source (the proceeding seeds still having 
their axis essentially parallel thereto), longitudinal 
movement of one seed away from the other without in- 
terruption or breaking the linkage, any type of vibration 
and so on, provided that the link between the seeds is 
not interrupted. The term "linked", "attached" and 
"joined" or the expression "linkage", "joined" and "cou- 
pling" are used interchangeably and refer to the inter- 
connection between the seeds as defined above. 
[0029] The radiation source of the present invention 
comprises one or more and preferably at least two treat- 
ing elements or seeds. Typically the number of seeds 
comprised in this radiation source is chosen to cover the 
desired length of the vessel to be treated. Preferably the 
radiation source will cover a number of seeds sufficient 
to provide a radiation source of at least 2 mm in length, 
preferably 10 to 50 mm in length, more preferably 20 to 
40 mm in length. With the term "sequentially" it is meant 
that the seeds are linked to each other to form a chain 
of seeds. This does not exclude embodiments, wherein 
multiple e.g. 2, 3, 4 etc. smaller seeds are arranged in 
parallel and are then linked sequentially, directly and 
movably to the following duplett, triplett, quadruplett and 
so on. 

[0030] Typically the individual seeds will have a length 
in the range of 1 .0 to 1 0.0 mm, more preferably 1 .5 to 4 
mm and most preferred 2 to 3 mm. 
[0031] Preferably the seeds are of the elongated, 
more preferably cylindrical shape and have an outer di- 
ameter of the means of containment thereof in the range 
of between 0.2 and 1 .0 mm, preferably between 0.3 and 
0.8 mm. Preferably the seeds comprise rounded (round- 
ed edges of a generally flat end cap) or spherical end 
caps on one or both ends thereof. 
[0032] The means for containment typically is a cap- 
sule. This capsule may be elongated, and may be hollow 
cylinder or tube comprising a first and a second end 
plug, but may have any shape suitable for forming seeds 
such as spheres, ellipsoids, doughnuts, cones, flat-end- 
tubes, disks, cubes etc., provided it comprises a cavity 
for receiving and enclosing said radiation emitting ele- 
ment and does not impair or inhibit movement of the 
seed in the catheter lumen. 

[0033] Preferably the means for containment is a me- 
tallic capsule which comprises a metal selected from the 
group comprising stainless steel, Ag, R, Ti, Ni, Fe, Mn, 
Cr. Nb, Co. Au or there albys. including mixtures there- 
of. It may also comprise any other suitable casing coat- 
ed with one of these metals. More preferably the means 
for containment comprises a hollow cylindrical body 
having rounded or spherk^l end caps in one or both 
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ends thereof, which may also form the above first and 
second end plug. More preferably the means of contain- 
ment comprises a permanent magnetic material, most 
preferably Ni. Fe, stainless steel, Mn, Co and the like. 
According to another embodiment, the means for con- 
tainment may also comprise a magnetizable material 
which is later magnetized by applying an external mag- 
netic field. 

[0034] The means for containment may also be 
formed from glass or plastics material such acrylics e. 
g. by coating a solid radiation emitting element to obtain 
a tight coating layer, provided it prevents leakage of ra- 
dioactivity in the lumen of the catheter. It may further 
comprise a coating e.g. of teflon material or a similar 
low-friction material to reduce friction between the treat- 
ing element or seed and the wall of the catheter lumen 
in which it moves. 

[0035] The radiation emitting element comprised in 
said means for containment comprises any a-, p- and/ 
or y-emitting substance, preferably a pure p emitter and/ 
or a and y^emitting substance. Typically the radiation 
emitting element comprises one or more radioactive 
materials selected from the group comprising Cs''37, 
Co57, Sr^9, Y^o, Au^ss, Pd^o^^ se^s, Sr^o, Ru^oe^ p32 
lri92^ Re^Qfi, Wi 88 and 1125 and other suitable nuclide(s). 
[0036] The radioactive material may be contained in 
a solid such as metal, glass, foil or ceramics or in a free 
flowing form such as a powder or liquid or is dispersed 
in a fluid. Neither form nor state of the radioactive ma- 
terial is crucial, provided it allows for introducing the 
same in the means for containment and for secure con- 
tainment. 

[0037] The seeds are prepared by introducing the ra- 
diation emitting element into the means for containment 
made from the appropriate material and closing the 
same, e.g. by fixing the second end plug, e.g. by weld- 
ing. The seeds may then be magnetized by applying an 
external magnetic field. Or the means for containment 
may be closed with appropriate end plugs having male 
and female coupling means. 

[0038] The amount of radioactivity Is typically in the 
range of 0.45 to 25,000 mCi per centimeter of vessel to 
be treated, depending on the radiation source used. The 
emitted radiation should be sufficient to deliver a desired 
dosage of from 100 to about 10,000 rads, preferably 
about 700 to 5.000 rads in a about 2 to 10 minutes to 
the tissue to be treated. 

[0039] According to a preferred embodiment the radi- 
ation source is characterized in that the seeds are at- 
tached to each other by magnetic forces. According to 
this embodiment the seeds are held together by way of 
attracting magnetic forces e.g. forces exerted between 
the metallic capsules as means lor containment of each 
seed. In this embodiment the means for containment is 
preferably made from a magnetic material such as Ni, 
Fe, Co. stainless steel, and Mn. According to another 
embodiment the means for containment may be made 
of a magnetizable material which is then magnetized by 



applying a magnetic field. The magnetic field can be ap- 
plied immediately after production of the seeds or just 
before to use thereof. The magnetic field can be applied 
either by way of a permanent magnet or by an electro- 
5 magnet. 

[0040] In a preferred embodiment shown In Fig. 1 the 
magnetic seeds (1 ) are attached in north -south orienta- 
tion. Thereby they form an elongated chain of seeds as 
the radiation source. More preferably the seeds of this 

10 chain comprise a means for containment (2) having 
rounded (3a) or spherical (3b) end caps (3) on one or 
both ends to allow smooth bending characteristics and 
improved magnetic adhesion of the seeds during bend- 
ing of the chain. 

IS [0041] In Fig. 1 b an embodiment is shown wherein the 
means of containments having rounded end caps (3a) 
are spaced apart by magnetic spheres (3c). 
[0042] According to another embodiment of the radi- 
ation source according to the invention, the seeds are 

20 mechanically linked. Any suitable means for effecting 
said linkage may be used as long as It provides for lon- 
gitudinal transmission of forces, exerted e.g. by pulling 
one seed to move the entire radiation source. The seeds 
may also be linked mechanically and magnetically to 

25 each other and/or the transfer wire. 

[0043] One preferred mode of mechanical linkage are 
seeds comprising male and female means for coupling 
which female means for coupling receive the male 
means for coupling of the following or proceeding seed 

30 in the radiation source to form a flexible joint. Preferably 
said male and female means for coupling are located 
on opposite sides of the seed, even more preferably 
they are opposed to each other at the longitudinal ends 
on the end caps of the means for containment of the 

35 seed. Providing the means for coupling on the end caps 
bears the advantage that they can be produced sepa- 
rately, e.g. by use of a laser and are only thereafter con- 
tacted with the tube containing the radiation emitting el- 
ement and fixed to the tube e.g. by laser or point weld- 

40 ing. 

[0044] The rr\a\e means for coupling may extend from 
the means for containment and may comprise a head 
and optionally a spacing member, whereas the female 
means for coupling in this case comprises a receiving 

45 section for the head. Said receiving section of the female 
means for coupling is preferably complementary to at 
least the head of the male means for coupling but still 
allows for movement of the joint such as rotational 
movement or bending or deflection from the central axis 

so of the radiation source. Therefore the head of the male 
means for coupling preferably is in the form of a sphere. 
[0045] In the preferred embodiment shown in Fig. 2a 
to 2c the male means for coupling (4a) comprises a 
spacing member (5) and a spherical head (6) and the 

55 receiving section of the female means for coupling (4b) 
is formed by extensions (7) of the means for contain- 
ment (2), e.g. the capsule which extensions define a hol- 
low space (8) having a recess (9) to receive the spacing 
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member (5) when the head (6) of the male means for 
coupling is spaced in the hollow portion of said female 
means for coupling. 

[0046] According to another embodiment of mechan- 
ical linkage, the male means for coupling is a hook and s 
the female means for coupling is a second hook or a 
loop. In all cases both means for coupling may engage 
with each other or with a spacing member such as a 
ring, an empty means for containment or other member 
of a chain. 

[0047] In case the coupling means and/or the contain- 
ment means are made from a magnetic or magnetizable 
material, the seeds can be linked magnetically and me- 
chanically. 

[0048] According to another embodiment of mechan- 
ical linkage the one or more, preferably at least two 
seeds are linked to each other and/or to the transfer wire 
by way of a single flexible joining member extending 
throughout the length of the radiation source. As shown 
in Fig. 3a and 3b the joining member (10) preferably is 
a flexible string which extends through openings (11) in 
the seeds (1). Preferably these openings are central 
openings in each seed as shown in Fig. 3a, but may also 
comprise one or more lateral or circumferential open- 
ings of each seed (see Fig. 3b). The string is preferably 
made from a flexible material resistant to degradation 
by the emitted radiatbn. As an example nylon, acrylics, 
and metals such as Fe, Ti/Ni-alloys or aluminum alloys 
are mentioned. To prevent the seeds from being sepa- 
rated from each other they may be fixed on the joining 
member or the joining member may act as a means for 
holding them together. 

[0049] All of the above linkages provide a chain of 
seeds or Irain of treating elements" as a radiation 
source which allows for movement of said radiation 
source either by pushing or pulling at the terminal ele- 
ments of the chain. The single seeds are linked to each 
other and preferably to the transfer wire with sufficient 
strength to allow such pulling movement without the ra- 
diation source being split up into its individual parts. On 
the other hand, the links between the seeds may be cre- 
ated or interrupted by the appropriate manipulation of 
each link. Thus, a radiation source of the desired length 
can be created and the length can be chosen appropri- 
ate for the intended use. At the same time the length of 
the source is not limited by its stiffness or rigidity due to 
the flexible joints. Thus, the radiation source of the in- 
vention allows for a one-step radiation treatment of elon- 
gated segments of a vessel. 

[0050] Due to the movable link provided in the radia- 
tion source of the invention, this flexible radiation source 
can easily follow the bends and partitions of a blood ves- 
sel within the body to be treated. Apparently the radia- 
tion source of the invention is not limited to treatment of 
coronary restenosis, but may be used in any type of en- 
dovascular irradiation treatment e.g. in cancer therapy. 
[0051] Due to direct engagement of the seeds with 
each other the source further allows for movement by 



pushing and pulling the chain of seeds. Thus, the source 
of the invention may be used in a catheter comprising 
only one central lumen for receiving the radiation 
source. Accordingly the seeds can be arranged in the 
central axis of the vessel to be treated to allow for uni- 
form and homogenous irradiation of the surrounding tis- 
sue. This has to be considered an important aspect as 
radiation intensity decreases strongly with distance from 
the radlatbn source and an out of center location of the 
radiation source will result in unpredictable and non- 
controllable inhomogenities in the radiation field created 
therefrom. Thus, with an out of center arrangement of 
the radiation source inhomogeneous radiation of the 
surrounding tissue results. This is overcome by use of 
the present radiation source. 

[0052] According to the present invention, there is fur- 
ther provided an apparatus for endovascular radiation 
treatment comprising (1) an elongated catheter having 
a proximal end portion, a distal end portion and a lumen 
extending therebetween for receiving a radiation 
source, (2) optionally a guide wire in a separate lumen 
and (3) a radiation source as disclosed above. 
[0053] Referring to Fig. 4 the apparatus of the inven- 
tion makes use of a catheter (12) which is typically made 
from nylon material, although other plastic or rubber ma- 
terial may be used as well. The outer diameter of the 
catheter is sized according to the intended application, 
e.g. 5 mm or smaller for use in treating the stenotic site 
of a coronary artery. The inner diameter of the lumen 
(1 4) extending between the distal end portion (1 3a) and 
the proximal end portion (13b) of the catheter is corre- 
spondingly sized to receive the treating elements or 
seeds (1 ) and is typically in the range of from about 0.2 
to about 1.5 mm. Thus, to direct the flexible radiation 
source the internal diameter of the catheter is such that 
it permits movement of the seeds and helps to direct the 
radiation source. The catheter may have a coating, e.g. 
of Teflon or other suitable material to reduce friction up- 
on movement of the radiation source. Likewise the cath- 
eter may be filled with a suitable liquid such as sterile 
water, PBS etc. 

[0054] The catheter may not have sufficient strength 
or torsional rigidity for insertion along a lengthy serpen- 
tine vascular path and may then require use of a guide 
wire which ist then arranged in a separate lumen. Typi- 
cally angioplasty procedures result in a distance be- 
tween the percutaneous entryport and the coronary ar- 
tery of approximately 90 to 120 cm, the length of the 
catheter corresponding thereto. 
[0055] To assist in positioning the distal end portion 
(1 3a) of the catheter (1 2) at the desired location or site 
to be treated, the catheter may be advanced over a 
guide wire (1 5) that is preinserted to the desired location 
in the manner well known in the art. The guide wire is 
one commonly used in prior art and can be nnade from 
any suitable type of metal, preferably memory-resistant 
metals, i.e. nnaterials that can accept up to a 1 % strain 
with less than a 1 % permanent alteration in its original 
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configuration. Preferred materials include nickel -titani- 
um alloys such as Nttinol or aluminum alloys such as 
Tina! alloy BB. In the apparatus of the invention, a sep- 
arate wire Is used for moving said radiation source which 
is the so-called transfer wire. This transfer wire can be 
made from the same materials as the guide wire and is 
preferably mechanically and/or magnetically linked to 
the radiation source. The guide wire is used for directing 
the catheter only. 

[0056] The apparatus of the invention may further 
comprise a containment vessel for a storage of the ra- 
diation source and/or the Individual seeds and for shield- 
ing the patient to be treated and the medical personal 
from exposure to irradiation during introduction and re- 
traction of the catheter. The containment vessel prefer- 
ably is in flow communication with the catheter, although 
it can be constructed as a separate or separable part to 
allow for separate storage and/or disposal. 
[00S7] The apparatus of the invention may further 
comprise a x-ray fluoroscopy device for monitoring the 
radiation source as, for example, described In US-A- 
5,833,593. This allows for exact positioning of the radi- 
ation source and, thus, for precise control of the treat- 
ment site. 

[0058] Finally, the apparatus of the invention may 
comprise a magnetic means for guiding or moving the 
radiation source, in case the radiation source is created 
from magnetic seeds. 

[0059] In a third aspect there is provided a method for 
vascular radiation treatment comprising the steps of 

(a) directing an elongated catheter having a proxi- 
mal end portion, a distal end portion and a lumen 
extending therebetween tor receiving a radiation 
source, to the selected site to be treated preferably 
by way of a guide wire in a separate lumen, 

(b) introducing a radiation source into the catheter 
at its proximal end portion, which radiation source 
comprises one or more, preferably at least two 
treating elements (seeds) comprising a radiation 
emitting element and means for containment of said 
radiation emitting element, wherein said seeds are 
sequentially, directly and movably attached to each 
other and/or to the transfer wire, and which can be 
moved through said lumen of the catheter, 

(c) moving said radiation source to said distal end 
portion preferably by way of a transfer wire, 

(d) maintaining said radiation source at said distal 
end for a determined period of time, and 

(e) retracting said radiation source to the proximal 
end portion preferably by way of a transfer wire. 

[0060] Preferably the radiation sources disclosed 
above are used in the method of the Inventbn. 
[0061] The steps of moving and/or retracting (c) and/ 
or (e) can be ach ieved by pushing or pulling the radiation 
source. 

[0062] More In detail, according to one preferred em- 



bodiment, movement in step (c) is achieved by pushing 
and said movement or retracting in step (e) is achieved 
by pulling said radiation source. For doing so, the radi- 
ation source may be linked to a transfer wire at its prox- 

s imal end. In this embodiment the radiation source Is in- 
troduced in the catheter lumen at its proximal end and 
pushed by use of the transfer wire to its distal end. After 
the predetermined treatment time, the radiation source 
is retracted by pulling out the transfer wire from the cath- 

fO eter. Alternatively, the radiation source may be engaged 
with the transfer wire at its distal end and may be pulled 
by said guide wire to the distal end of the catheter and 
pushed back to the proximal end portion during retract- 
ing of the source. 

is [0063] In case of a radiation source comprising mag- 
netic seeds, movement of said radiation source in steps 
(c) and/or (e) nr^y be achieved by applying an external 
magnetic field. Alternatively in this case the transfer wire 
may comprise a magnet to magnetically push or pull the 

20 radiation source in step (c) and/or (e). In the preferred 
embodiment the transfer wire itself is magnetic. 
[0064] In case of the seeds being linked to each other 
by male and female means for coupling, the transfer 
wire may comprise a male or female means for coupling 

25 and the radiation source may be linked to the transfer 
wire at its distal or proximal end through the comple- 
mentary means for coupling on the terminal seed there- 
of. 

[0065] Separate wires are used for moving said radi- 
30 ation source (transfer wire) and for directing the catheter 
(guide wire). 

[0066] Due to the use of a catheter having a single 
lumen for receiving the radiation source only, the inner 
diameter of said lumen can be increased as compared 

36 to catheters comprising several of such lumens. Accord- 
ingly, larger seeds may be used. This allows for includ- 
ing higher radiation dosages in each single seed. Use 
of a single lumen further allows for a central arrange- 
ment of the catheter and thus of the radiation source 

40 within the vessel. Thereby uniform and homogeneous 
irradiation of the surrounding tissue is achieved. Due to 
the seeds being directly linked to each other and due to 
flexible linkage, no gaps in the irradiated field occur and 
thus the radiation source needs not be moved during 

45 treatment i.e. no "stepping treatment' is required to ob- 
tain the homogeneous radiation over the entire segment 
of the vessel to be treated. This further improves control 
of the treatment. 

[0067] Although being described with respect to the 
so preferred embodiments above, this description Is not to 
be considered limited thereto and the skilled worker will 
appreciate the possibility of several variations of the In- 
vention as defined in the appending claims without de- 
viating from Its scope. 

55 



7 



13 

Claims 

1 . Radiation source for use in endovascular radiation 
treatment which comprises one or more treating el- 
ements (seeds) comprising a radiation emitting el- 
ement, and means tor containment of said radiation 
emitting element, wherein said seeds are sequen- 
tially, directly and movably linked to each other and/ 
or to a transfer wire. 

2. Radiation source of claim 1 , wherein the means for 
containment is a capsule. 

3. Radiation source of claims 1 and 2, wherein said 
means for containment comprises a metal selected 
from the group consisting of stainless steel, Ag, Pt, 
Ti, Ni, Fe, Mn, Cr, Nb, Co, Au or their alloys or a 
casing coated with these metals. 

4. Radiation source of the proceeding claims, wherein 
the seeds have an elongated shape. 

5. Radiation source of claim 4, wherein the central axis 
of the radiation source essentially parallels the elon- 
gated axis of the seeds. 

6. Radiation source of the preceeding claims, wherein 
radiation emitting element comprises any a-, p- 
and/or y-emitting substance. 

7. Radiation source of claim 6, wherein radiation emit- 
ting element comprises one or more radioactive 
materials selected from the group consisting of 
Csi37^ Co57, Sr^9 Y^o^ Aui98, Pdi03, Se75, Sr®0 
Ruioe^ p32^ Iri92 Reiss wise and |i25 

8. Radiation source according to claims 1 to 7, where- 
in the seeds are linked by magnetic forces to each 
other and/or to the transfer wire. 

9. Radiation source of claim 8, wherein said means for 
containment comprises a magnetizable or magnetic 
material. 

10. Radiation source of claims 1 to 9, wherein the seeds 
have rounded or spherical end caps on one or both 
ends. 

11 . Radiatbn source according to one of claims 1 to 8, 
wherein the seeds are mechanically linked. 

12. Radiation source according to claim 11, wherein the 
seeds are linked mechanically and magnetically. 

13. Radiation source according to claim 11 or 12, 
wherein the seeds comprise male and female 
means for coupling, which female means for cou- 
pling receive the male means for coupling of the fol- 



14 

lowing or preceeding seed in the radiation source 
to form a flexible joint. 

14. Radiation source of claim 1 3, wherein male and fe- 
5 male means for coupling are on opposing sides of 

the seed. 

15. Radiation source of claims 13 or 14, wherein the 
male means for coupling comprises a head and op- 

10 tionally a spacing member and the female means 
for coupling comprises a receiving section for the 
head. 

16. Radiation source of claims 13 or 14, wherein the 
1S male means for coupling is a hook and the female 

means for coupling is a second hook or a loop. 

17. Radiation source of claims 13 to 15, wherein the 
male means for coupling comprises a spacing 

20 member and a spherical head and the receiving 
section of the female means for coupling is formed 
by extensions of the means for containment defin- 
ing a hollow space having a recess to receive the 
spacing member when the head of the male means 

2S for coupling is placed in the hollow portion of said 
female means for coupling. 

18. Radiation source according to claim 11 or 12, 
wherein the at least two seeds are linked to each 

30 other by way of a flexible single joining member ex- 
tending throughout the length of the radiation 
source. 

19. Apparatus for endovascular radiation treatment, 
3S comprising an elongated catheter having a proximal 

end portion, a distal end portion and a lumen ex- 
tending therebetween for receiving a radiation 
source, optionally a guide wire in a separate lumen, 
and a radiation source which comprises one or 
40 more treating elements (seeds) comprising a radi- 
ation emitting element and means for containment 
of said radiation emitting element, wherein said 
seeds are sequentially, directly and movably at- 
tached to each other and/or to a transfer wire. 

45 

20. Apparatus of claim 19, wherein a radiation source 
according to claims 1 to 18 is used. 

21 . Apparatus of claims 1 9 to 20, comprising a contain- 
so ment vessel for the radiation source and/or the in- 
dividual seeds. 

22. Apparatus of claims 1 9 to 21 , comprising a x-ray 
fluoroscopy device. 

55 

23. Apparatus of claims 1 9 to 22, comprising a magnet- 
k: means. 
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24. Method for vascular radiation treatment comprising 
the steps of 

(a) directing an elongated catheter having a 
proximal end portion, a distal end portion and s 
a lumen extending therebetween for receiving 

a radiation source, to the selected site to be 
treated preferably by way of a guide wire in a 
separate lumen, 

(b) introducing a radiation source into the cath- io 
eterat its proximal end portion, which radiation 
source comprises one or more treating ele- 
ments (seeds) comprising a radiation emitting 
element and means for containment of said ra- 
diation emitting element, wherein said seeds is 
are directly and movably attached to each other 
and/or to a transfer wire and which can be 
moved through said lumen of the catheter, pref- 
erably by use of a transfer wire, 

(c) moving said radiation source to said distal 20 
end portion preferably by use of a transfer wire, 

(d) maintaining said radiation source at said 
distal end for a determined period of time, and 

(e) retracting said radiation source to the prox- 
imal end portion preferably by use of a transfer 25 
wire. 

25. Method of claim 24, wherein moving and/or retract- 
ing in steps (c) and/or (e) is achieved by pushing or 
pulling the radiation source. 30 

26. Method of claims 24 to 25, wherein said movement 
in step (c) is achieved by pushing and said move- 
ment in step (e) is achieved by pulling said radiation 
source. 3S 

27. Method of claims 24 to 26, wherein the seeds are 
linked to each other by magnetic forces and the 
transfer wire comprises a magnet to magnetically 
push and pull the radiation source in step (c) and/ 40 
or (e). 

28. Method of claims 24 to 26, wherein the radiation 
source is moved by applying an external magnetic 
field. 45 

29. Method of claims 24 to 26, wherein the transfer wire 
comprises a male or female means for coupling and 
the radiation source is linked to the transfer wire by 
engagement with the complementary means for so 
coupling on the terminal seed thereof. 

30. Method of claims 24 to 29. wherein a radiation 
source according to one of claims 1 to 18 is used. 
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